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That molluscum contagiosum, a disease affecting the human skin, is of viral
etiology has been confirmed by a number of investigators (1, 2, 3, 4, 5). Mol-
luscum contagiosum is ideal for the study of virus diseases associated with
hypertrophy for the following reasons: (1) its characteristic picture, both gross
and microscopic; (2) its ready accessibility on the human skin; and (3) the ease
with which its inclusion body can be identified. The inclusion body, which is
composed of virus particles or elementary bodies, is extremely large. This
facilitates the ease with which changes, that occur during its development from
early to mature form, may be observed.
With the thought that an investigation of the chemical composition and the
variations that occur within the lesion might suggest an approach to the chemo-
therapeutic management of virus diseases, particularly of virus-induced tumors,
a study of the histochemistry of the lesion was instituted. It is our purpose to
report observations of the effect of various histochemical technics. While many
of these technics have not been applied previously to the investigation of this
disease, others have been used by earlier investigators.
Goodpastor and Woodruff (6) reported that the trabeculae and capsule of the inclusion
body could be digested by trypsin. Van Rooyen (7) reported the presence of an outer cover-
ing or envelope which could be digested by saliva and which exhibited an affinity for iodine
not shared by either the matrix or the elementary bodies. He suggested that this might
indicate the carbohydrate nature of the envelope. However, he also reported a negative
Ashworth test for cellulose and an only faintly positive Pringsheim and Kruger test for
glycogen. Using microincineration he obtained a white ash residue which he tentatively
identified as calcium carbonate and further noted that the outer coat appeared to disinte-
grate and therefore not to contribute to the calcium ash residue.
Strauss, Shaw, Bunting, and Melnick (8) reported that the molluscum inclusion body was
Feulgen positive. Utilizing the Feulgen technique and the pyronine methyl green stain,
Rake and Blank (5) described an early increase in ribonucleic acid synthesis, evidenced
by an increase in cytoplasmic ribonucleoprotein and an enlargement of the nucleolus, fol-
lowed by the development of islands of desoxyribonucleic acid in the cytoplasm. These
increase rapidly in size and displace and compress the cytoplasmic ribonucleic acid into
cords and trabeculae. Banfield, Bunting, Strauss and Melnick (9) have challenged the iden-
tification of the trabeculae as ribonucleic acid on the basis of pyronine methyl green stain-
ing, noting that depolymerized desoxyribonucleic acid also gives a positive pyronine reac-
tion.
METHODS
Biopsy specimens were obtained with and without the use of 2% novocaine
as an anesthetic. The specimens were placed immediately in Petri dishes con-
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taming blocks of dry ice (carbon dioxide). The frozen mass of tissue was bi-
sected. One half was used for frozen sections and the other half was placed into
the desired fixative (Rossman's alcohol-formalin-picric acid fixative, formalin,
etc.) and run through the usual paraffin technic. The frozen unfixed sections
were cut at 10—12 micra according to a modified Adamstone-Taylor technic
(10, 11), placed on a clean slide, and, as they thawed, the slide was put into the
desired fixative or substrate.
The following stains and histochemical methods were used:
1. Hematoxylin and Eosin Stain. Sections of frozen as well as paraffin embedded tissue
were studied. Formalin, Bouin's and Rossman's solutions were used for fixation. One series
of sections were subjected to the routine stain with the addition of a rinse in water buffered
to pH 4, 7 or 9 after staining, just prior to the final dehydration.
2. Acid Phosphatase. Frozen sections were fixed for 30 seconds in cold acetone and then
placed into glycerol-phosphate substrate (pH 4.7) previously heated to 37°C according to
the technic of Gomori (12) modified by Mescon (13). Two control solutions were similarly
prepared with a final pH of 4.7 omitting the glycerophosphate from one and adding sodium
fluoride (0.OO1M—0.O1M final concentration) to the other. Sections were incubated at 37°C
for 5 hours, 24 hours or 48 hours.
3. Alkaline Phosphatase. Sections were fixed for 30 seconds in cold acetone and then
immersed in the glycerophosphate substrate at 37°C at pH 9.4 for 5 hours, 24 hours and 48
hours according to the technic of Gomori. Controls were similar to those employed in the
acid phosphatase technic except for the use of alkaline (pH 9.4) solutions.
4. Fat Stains. Frozen unfixed sections were placed directly into a saturated solution of
Sudan IV in 80% alcohol or of Sudan black B in 70% alcohol for determination of total
lipids.
5. Feulgen Reaction. Frozen sections were fixed in Zenker's fixative and processed ac-
cording to the Feulgen method for the demonstration of desoxyribonucleoproteins.
6. Sulfhydryl Stain. Frozen unfixed sections were placed directly into an 80% alcoholic
solution of 1-(4-chloromercuriphenylazo)-naphthol-2 for 1, 2 and 6 hours as advocated by
Mescon and Flesch in their modification of Bennett's method for staining sulfhydryl groups.
7. Toluidine Blue. Frozen unfixed sections were placed directly into a 0.5% toluidine
blue solution in 5% alcohol for 30 minutes and examined under daylight and ordinary yel-
low tungsten light for metachromasia.
8. McManus Stain. Frozen unfixed sections were fixed in Rossman's fixative and hydro-
lized in periodic acid for 5 or 10 minutes according to the technique of McManus (17).
Sections that were incubated prior to hydrolysis in 1% malt diastase, buffered to pH 6.8
at 37°C for 1 hour or in the buffer solution without the addition of malt diastase, served
as controls.
9. Iodine Test. Frozen unfixed sections as well as smear preparations, fixed by gentle
heating or by absolute alcohol, were treated with Lugol's iodine solution and washed accord-
ing to the technic used by Van Rooyden (7).
RESULTS
Haematoxylin and Eosin Stain
Sections showing well developed lesions of molluscum contagiosum were
studied. These are characterized by a lobulated cellular mass, the molluscum
body, which is well marginated by an intact layer of basal cells. There is marked
acanthosis. The nuclei of the basal and lower prickle cell layers are well stained
and contain one or more prominent nucleoli. Many of the nuclei appear somewhat
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larger than those normally seen in these layers. Other cells in this region show
eccentrically placed, hyperchromatic and irregularly shaped nuclei and one or
more vacuoles in the cytoplasm. While some of these vacuoles appear empty,
many contain amorphous, sometimes slightly granular, faintly acidophilic
material which appears to be separated from the sides of the vacuole.
The inclusion body is first identified as a lobulated, weakly eosinophilic
cytoplasmic mass which is sometimes located at the peripheral margin of a
vacuole and sometimes appears in apparently unvacuolated cells. The lobulated
or compartmentalized appearance is produced by a network of light staining
material, the trabeculae. As the inclusion body increases in size, the cells become
filled and even distended by this material. The nuclei appear to be displaced,
occupying an eccentric position, stain progressively darker and nucleoli are not
recognizable. In the uppermost portion of the lesion, the inclusion body appears
homogeneous, although a faint trabeculation occasionally may persist. These
mature inclusion bodies are much larger than normal epidermal cells and are
separated from each other and embedded in a dense keratin-like eosinophilic
stroma. The inclusion body at this stage is predominantly basophilic, but oc-
casionally a variable, poorly defined peripheral eosinophilic zone is present.
A wide, but poorly defined, granular layer can be identified in the zone of
transition from eosinophilic to basophilic inclusion body.
The dermis proximal to the molluscum body reveals slightly increased
eosinophilic staining of the collagen bundles and a mild diffuse infiltration of
lymphocytes.
Sections stained and then immersed in an alkaline rinse (pH 9.0) before
dehydration show more intense basophilia of the mature inclusion body. Alter-
nate sections treated with an acid rinse (pH 4.0) show the mature inclusion body
to be predominantly eosinophilic, but occasionally neutrophilic.
A cid Phosphatase
In the control sections (Fig. 1) a minimal focal staining is seen in the region
of the granular layer and the mature inclusion bodies stain a pale light brown.
The sections exposed to the substrate (Fig. 2) reveal a dense staining of the
normal epithelium, which is particularly marked in the nuclei. The cytoplasm
of the entire molluscum body stains a light brown similar to the mature inclusion
bodies of the control sections. In the prickle cell layer, it is difficult to ascertain
whether the extranuclear stain is confined to the peripheral cytoplasm or is
present in the intercellular spaces. The nuclei of the basal and lower prickle cell
layers stain darkly. The region of the granular layer stains particularly densely.
The stroma in which the inclusion bodies are embedded is moderately stained.
Alkaline Phosphatase
In control sections (Fig. 3) incubated for 24 hours there is a marked focal
cytoplasmic granularity in the region of the granular layer and a minimal
diffuse homogeneous staining of the mature inclusion bodies; the remainder of
the section is unstained. After 48 hours of incubation, minimal staining is
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FIG. 1 Acid phosphatase controls 147X
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FIG. 2 Acid phospliatase 174X
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FIG. 3 Alkaline phosphatase control 147X
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present in the nuclei and nucleoli of the basal and prickle cell layers and a fine
trabeculation is apparent in the immature inclusion bodies. The granular layer
stains much more intensely, and the mature inclusion body, although still only
weakly positive, stains more heavily than it did after 24 hours of incubation.
Sections incubated with the substrate (Fig. 4) show the same staining character-
istics as the control sections with the following exceptions: (1) the nuclei and
nucleoli of the basal and lower prickle cell layers of the molluscum body, althongh
still only faintly stained, are more prominent; (3) a moderate degree of staining
of the dermis is noted adjacent to the basal layer of the molluscum body.
Sudan Black B
The normal epidermis is negative except for small collections of fine black
granules in the keratin layer.
In the molluscum body, only the region containing mature inclusion bodies is
stained (Fig. 5). Here the mature inclusion bodies stain a diffuse gray black and
the stroma which stains more lightly and contains numerous minute black
particles. These particles are particularly numerous in the stroma between
groups of inclusion bodies.
Sudan IV
This stain reveals essentially the same distribution of positive materials as is
demonstrated with the Sudan Black B stain.
Fculgcn Stain
Except for Feulgen positive nuclei, the normal epidermis and dermis are
unstained. In the molluscum body the nuclei of the basal and lower prickle cell
layers stain less intensely and appear larger than the nuclei of the adjacent
normal epithelium. Many large cells with large well-stained nuclei are seen in
the prickle cell zone. These cells frequently contain clumps and strands of Feulgen
positive material. Similar masses of Feulgen positive material can be seen at
the periphery of vacuoles in other cells. These vacuoles are seen to contain a
very faintly stained homogeneous substance.
Proceeding toward the surface, still larger cells completely or almost com-
pletely filled with lobulated masses of Feulgeu positive material compartment-
alized by unstained or only faintly stained material (the trabeculae) can be seen.
The mature inclusion body is well stained and appears homogeneous with no
apparent lobulation. A capsule is not identifiable. A narrow, strongly positive
mass suggestive of a compressed nucleus is often seen along one edge of the
mature inclusion body. No definite nucleolus can be distinguished at this level.
The intercellular material is Feulgen negative, but it takes the light green coun-
terstain in a manner similar to the normal keratia.
The dermis immediately surrounding the molluscum body shows only heavily
staining nuclei.
MOLLUSCUM CONTAGIOSUM: A HISTOCHEMICAL STUDY 301
FIG. 5 Sudan Black B 695X
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Sulfhydryl Stain
In the normal epidermis, the granular layer stains a bright orange. Other than
this, the cytoplasm stains weakly and only the nuclei, particularly those of the
basal and lower prickle cell layers, show a moderately strong positive reaction.
In the molluscum body, the nuclei of the basal and lower prickle cell layers
are well stained and show prominent nucleoli. As the inclusion bodies fill the
cells, the nuclei are less well stained and in cells containing mature inclusion
bodies, the nuclei are not identifiable. The vacuoles appear unstained. The
inclusion bodies stain only weakly at first, but in the mature stage above the
area of the granular layer, they are densely and diffusely stained. The inter-
cellular stroma stains heavily in the region of the granular layer, but becomes
progressively more lightly stained as the surface is reached.
Toluidine Blue
The cytoplasm of the normal epidermis stains a light blue. The nuclei are dark
and the nucleoli dense and hyperchromatic. The keratin layer appears greenish
blue.
In the molluscum body, the nucleoli and chromatin granules of the basal layer
are more darkly stained and prominent than those of the normal epidermis,
although the cytoplasm stains less deeply. In the prickle cell layers, the vacuoles
appear unstained. The early inclusion body material is stained a faint blue with
a fine, darker, irregularly staining trabeculae. The limiting margin of this early
inclusion body is poorly visualized. In the region of the granular layer, the
inclusion body stains moderately blue and is well marginated. The remainder of
the cytoplasm of this region appears granular and stains blue. As one proceeds
toward the surface of the lesion, the mature inclusion body stains deeply blue.
The stroma around the mature inclusion body is unstained.
McManus Reaction
The normal epidermis is, for the most part, negative, but only McManus
positive granules are seen in the cytoplasm of the Malpighian layers.
McManus positive material is more abundant in the acanthotic molluscum
body than in the adjacent normal epidermis and variable amounts are seen in
the basal and lower prickle cells where a diffuse distribution of granules and
clumps of granules of varying size and irregularity are seen in the cytoplasm.
No McManus positive material can be seen in the cells containing the mature
inclusion bodies or in the stroma about them. There is no evidence of a McManus
positive capsule or envelope.
Diastase digestion removes all McManus positive material from both the
normal epidermis and the molluscum body (Fig. 7).
A McManus positive, diastase resistant, basement membrane which is oc-
casionally distinguished at the dermal-epidermal junction of the normal skin,
is more prominent about the molluseum body.
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FIG. 6 MeManus Stain 147X
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FIG. 7 MeManus stain after diastase 147X
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Iodine Stain
Both the normal epithelium and that of the mollusdum body stained a light
brown color which does not differ from the color of Lugol's solution when dropped
on a clean glass slide. The mature inclusion bodies, although staining lightly and
diffusely, are slightly darker than the remainder of the epidermal tissue. No
readily distinguishable capsule or envelope is seen.
DISCUSSION
It was noted in hematoxylin and eosin stained sections that occasionally a
mature inclusion body would be seen with an inner basophilic zone which grad-
ually lost its basophilia and became progressively more eosinophilic as the
periphery of the inclusion body was reached. Mayer's work (18) on the acidophilic
or basophilic staining qualities of different concentrations of gelatin may offer
an explanation of this phenomenon. He demonstrated that the acidophilic or
basophilic character of this chemically homogeneous material (gelatin) was
dependent on the diffusion characteristics of various dyes and fixatives. This
suggests that the more accessible peripheral portions of the more mature in-
clusion body may release hematoxylin and take the eosin stain more readily
than the relatively inaccessible central portion which continues to show basophilia.
The usual basophilic staining of the mature inclusion body is in accord with
large amounts of highly basophilic nucleic acid demonstrated by the Feulgen
reaction. However, MacLeod and Meunde (19) and Van Rooyen (7) refer to the
eosinophilic character of the mature inclusion body and are so quoted by Mont-
gomery (20). A review of slides stained in other laboratories also demonstrated
in many cases a tendency toward retention of eosinophilia by the mature in-
clusion body. Dempsey's (21) demonstration that variations occur in the staining
characteristics of tissues with variations in the pH of the staining solutions
offered an explanation for this apparent disparity in staining of the mature
inclusion body. Our experiment in which sections were submitted to an acid,
neutral or alkaline rinse following routine hematoxylin and eosin staining,
confirmed this and showed that the acid rinse resulted in a predominantly
eosinophilic or neutrophilic appearance of the mature inclusion body, while at a
neutral or alkaline pH a pronounced basophilia was observed. This again is in
keeping with the acid character of the nucleic acids which would appear to be
the principal constituent of the densely packed mature inclusion body.
We were unable to demonstrate any histochemical evidence of a capsule or
specialized structure other than a limiting membrane about the mature inclusion
body. Although we did not attempt micromanipulative examination as Van
Rooyen had done, the use of Lugol's solution on fixed or unfixed frozen sections
as well as on heat or alcohol fixed smear preparations failed to confirm the
presence of a carbohydrate containing envelope, membrane or capsule about the
mature inclusion body. In particular, the McManus reaction failed to reveal
any positive material in or around the mature inclusion body.
An explanation for Van Rooyen's findings is offered by the following observa-
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tions: (1) McManus positive, diastase digestible material is seen in the upper
prickle cell layer and frequently in close proximity to an "early mature inclusion
body"; (2) smear preparations necessarily show inclusion bodies and epithelial
cells from different levels of the molluscum body and conclusive orientation is
not always possible; (3) the picture which Van Rooyen (7) used to demonstrate
an outer coating (Fig. 2, page 347) also demonstrates cellular structure and
suggests that the cell may have been originally located below the zone of kera-
tinization and in the region where glycogen can be demonstrated by histochemical
means.
This explanation may also serve to clarify the identification of the double
walled structure occasionally seen in electron microscope preparations of mol-
luscum contagiosum (22). For here again orientation is one of the more difficult
problems of electron microscopy of tissue sections.
MacLeod and Meunde (19) refer to "basophilic keratohyaline-like granules"
occurring in some of the cells just above the prickle cell zone. Goodpasture
identifies these cells as being of the granular layer. All the procedures which we
used demonstrated the staining quality of these granules to be identical with the
similar granules seen in the granular layer of the normal epidermis and support
Goodpasture's identification of the granular layer of the molluscum body.
Some correlation of phosphatase staining with the localization of Feulgen
positive material was noted and the relationship is interesting. The positive
phosphatase reaction of the nuclei of the basal and prickle cells is in accord with
the reports of Gomori (23) and Palade (24), who consider this to be a nonspecific
type of staining seen with the acid and alkaline phosphatase techniques of
Gomori. The mature inclusion bodies, which also contain desoxyribonucleic acid,
stain faintly with the alkaline phosphatase technique but fail to stain with the
acid phosphatase technic. This observation would tend to eliminate desoxy-
ribonucleic acid per se as the factor of non-specific acid phosphatase staining.
Another explanation which might be offered for the non-specific staining of
the mature inclusion bodies with the alkaline phosphatase reaction may lie in
the presence of phosphates in these bodies. This is in keeping with Pelade's
suggestion that the positive reaction seen in myelin figures might be due to the
affinity of phospholipids and fatty acids for phosphates. The lipid content of
the mature inclusion body was demonstrated by positive Sudan Black B and
Sudan IV stains.
In similar fashion, the presence of phosphates, liberated during the breakdown
of phosphoric acid containing nucleic acids, may account for the non-specific
staining in the region of the granular layer seen in both the control and substrate
treated sections. If phosphate is responsible for the minimal staining of the
mature inclusion body, it would seem that there is more phosphate in the ma-
ture than in the immature inclusion body.
Increased phosphatase activity would be expected in the upper prickle and
granular layers, if these enzymes play a role in the metabolism of nucleic acids.
The marked acid phosphatase activity observed in the region of the granular
layer lends credence to this idea and suggests that acid phosphatase rather
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than alkaline phosphatase plays the greater role in this process. If the acid
character of the nucleic acids is considered, one might anticipate this observation
of greater activity of the acid enzyme in this region.
SUMMARY AND CONCLUSIONS
1. Several histochemical technics were employed in the study of molluscum
contagiosum. As the inclusion body develops, it shows an increasing intensity of
staining with the Feulgen reaction, toluidine blue, sulfhydryl, Sudan IV and
Sudan black B stains. Non-specific staining, increasing as the inclusion body
matures, was noted in both alkaline and acid phosphatase control sections.
2. The implications of these findings and their correlation with the variation
in staining characteristics noted with the hematoxylin and eosin stain are
discussed.
3. The histochemical technics used failed to demonstrate the presence of a
carbohydrate containing envelope or capsule about the mature inclusion body.
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ANNOUNCEMENT
The Department of Dermatology and Syphilology of the New York University
Post-Graduate Medical School announces that the fifth Sigmund Pollitzer Lec-
ture will be given by Dr. P. B. Medawar on Monday, November 15th, 1954 at
4:30 p.m. in the Psychiatric Amphitheater of Bellevue Hospital, 400 East 30th
Street, New York City. Dr. Medawar is Professor of Zoology at the University
of London, England. The title of his talk will be "Skin Transplantation and the
Homograft Problem".
